The effectiveness of demineralized water backwash on ultrafiltration (UF) fouling control of seawater is investigated in this study. Fouling experiments for two different backwashes (UF permeate and 
INTRODUCTION
Ultrafiltration as an pretreatment of desalination Ultrafiltration (UF) has been applied for water treatments for two decades due to its good removal on the particles and microorganisms (Laine et al. ) . With the development of membrane technology, the cost of low pressure membranes (microfiltration and UF) decreases to an acceptable level for application. That is the reason why the use of low pressure membranes for water purification has substantially grown in the past decades. Not only in the drinking water treatment, but also in the desalination field, UF as a pretreatment for the reverse osmosis (RO) currently appeared.
Several studies have investigated using hollow fiber UF membranes as a pretreatment for desalination with reverse osmosis (SWRO). Ahmad & Aleem () showed that comparing to conventional pretreatments, the inside-out hollow fiber UF process is an easy-to-use and robust alternative. Hoof et al. () carried out a pilot test in to the hydraulically reversible fouling, while the part still higher than the initial TMP indicates the hydraulically irreversible fouling. However, the hydraulically irreversible fouling probably can be removed by enhanced chemical backwashes.
Although the UF fouling in desalination is less serious than the natural surface water treatment (due to a low organic concentration, etc.), a coagulation pretreatment is still required in some cases to control the UF fouling (Yang & Kim ) . Coagulation has been proven to be a good method to control the UF fouling, however, it creates a certain amount of waste sludge containing a high concentration of metal (Al 3þ or Fe 3þ ) during the hydraulic backwashes. It is not environmentally friendly to discharge this waste sludge in the surface water body, so it has to be treated and consequently increases the cost of treatment plant. In a previous study, the authors have shown that backwashing with demineralized water can substantially improve the UF fouling control in surface water treatment (the DEMIFLUSH concept) (Li et al. ) . That is probably because both the organic matter in surface water and the tested UF membranes are negatively charged, the repulsion between them was reduced due to the cations in feed water (including calcium and sodium, etc.) via charge screening effect. Consequently, the organic matters easily deposited on the membrane surface and formed a fouling layer.
When the membrane backwashed with demineralized water, the cation concentration was diluted and thus the charge screening effect was reduced. Therefore, the repulsion force between membrane and organic matter was restored. In addition with the shearing force of hydraulic backwashes, the fouling layer can be better removed. However, when the membrane was backwashed with UF permeate, the repulsion force can not be restored because the UF membranes do not reject cations causing UF fouling.
Therefore, the cations concentration near the membranes during a backwash was not diluted in this case, and thus charge screening effect was maintained.
In theory, there is much more sodium in the seawater for charge screening, so it is possible to apply the DEMI-FLUSH concept on the seawater UF. However, there is no study investigating the feasibility of backwashing with demineralized water to control UF fouling of seawater. Since the RO permeate is available in desalination plants, it is convenient to make use some of them for this purpose. In this paper, the UF fouling control of seawater with the DEMIFLUSH concept at conditions closely resembling industrial circumstances was investigated.
MATERIALS AND METHODS

Feed and backwash water
Raw seawater was taken from the Scheveningen beach in the Hague, the Netherlands. The seawater was stored in a refridgerator at a temperature of 4 W c without a prefiltration.
Two types of backwash water were used in this study: (1) UF permeate and (2) demineralized water. The water qualities of both feed and backwash water are shown in Table 1 .
Chemical cleaning
Because each experiment was conducted with a new selfprepared membrane module, no chemical cleaning was carried out in this study ( Figure 1 ).
Membrane module
Self-prepared membrane modules containing UFC M5 0.8 mm hollow fibers (X-FLOW Company) were prepared. Five fibers are shown in Table 2 .
UF setup
The UF setup was designed for constant flux experiments, as shown in Figure and 'off' situation of different components for each operation phase are shown in Table 3 . Two digital pressure meters were used to measure the pressure of filtration feed flow and backwash feed flow. Since the pressure of UF permeate and backwash waste stream was equal to atmosphere, the pressure on those two pressure meters were the TMP. The TMP values were uploaded to the computer every 8 s.
Filtration protocol
All experiments were carried out in a dead-end operation Table 4 ). All pressure data was logged on a computer every 8 s.
Two group comparison experiments were conducted as follow:
The fluxes used in this study were much higher than the real situations (normally around 60 L/(h m 2 )). This is because experiments were conducted at a low fouling period. If the fouling loading is not sufficient, the difference between two backwashes on fouling control is difficult to observe. To increase the fouling loading, either extending filtration time or increasing fluxes can be applied. In order to do experiments in a shorter period, high fluxes were applied. (1) Hydrophilic membrane composed of a blend of polyvinylpyrrolidone and polyethersulfone;
(2) Containing glycerine for pore protection and bisulfite for prevention of microbiological growth 
RESULTS AND DISCUSSION
Improvement of demineralized water backwash
The TMP as a function of time for Experiments 1 and 2 was shown in Figure 3 . These two experiments were conducted at a constant flux of 180 L/(h 2 ) and with 2-min backwash.
The reason for conducting 2-min backwash was to ensure that the membrane was thoroughly backwashed with demineralized water and reach a really low salinity situation after backwashes comparing with UF permeate backwash. force between NOM and UF membranes can be restored. It is useful for the hydraulic backwashes.
More foulants removal by demineralized water backwash has been reported by the authors in a study of surface water via a mass balance calculation on DOC (Li a). It is probably the case for seawater application as well. Backwashing with demineralized water probably flushed away more foulants. Therefore, more permeability of the UF membranes was restored after a backwash, contributing for a more steady filtration for the next cycle.
However, there were more floulants remaining on the membrane after a UF permeate backwash, so some of the membrane pores were blocked over time leading to less effective membrane area. Because all experiments were constant flow experiments, the same amount of feed water passed through less effective area, increasing the real effective flux. Therefore, as shown in Figure 3 , the increase in TMP within each filtration cycle for backwashing with UF permeate was faster than its previous cycle (except the first two cycles which might be influenced by the air).
Effect of filtration flux
The results of Experiments 3-6 are displayed in 
CONCLUSIONS
Backwashing with demineralized has been proven to be a good method to control the UF fouling when surface canal 
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